Background Poor UK lung cancer survival rates may, in part, be due to late diagnosis. Objectives To evaluate the effectiveness of a mixedmethod community-based social marketing intervention on lung cancer diagnoses. Methods A public awareness campaign in conjunction with brief intervention training in general practices was piloted in six localities with a high lung cancer incidence. End points were self-reported awareness of lung cancer symptoms; intention to seek healthcare; chest x-ray referral rates in primary care; secular trends in the incidence of lung cancer and stage at diagnosis, compared before and after the intervention. Results 21% (128/600) (95% CI 18% to 25%) of the targeted population recalled something about the campaign. Compared with a responder in the control area, the odds of a responder in the intervention area saying that they would visit their general practitioner and request a chest x-ray for a cough was 1.97 times (95% CI 1.18 to 3.31, p¼0.01). Primary care chest x-ray referral rates increased by 20% in the targeted practices in the year following the intervention compared with a 2% fall in the control practices. The difference was highly significant, with an incidence rate ratio of 1.22 (95% CI 1.12 to 1.33, p¼0.001). There was a 27% increase in lung cancer diagnoses in the intervention area compared with a fall in the control area. The incidence rate ratio was 1.42 (95% CI 0.83 to 2.44 p¼0.199). Conclusion This is encouraging early evidence that an awareness and early recognition initiative may facilitate lung cancer diagnosis.
INTRODUCTION
Lung cancer is the most common cancer in the world, with 1.6 million new cases diagnosed every year. 1 In the UK it accounts for 14% (39 400 cases per year) of all cancer diagnoses and 22% of all cancer deaths 2 and is more prevalent in areas with high levels of social deprivation. 3 Prognosis is dependent on disease stage at diagnosis. Early stage disease can be cured by radical treatment: 5-year survival rates for people with stage I tumours treated with radical surgery are between 60% and 80%. 4e6 Unfortunately, at present more than twothirds of UK cases are diagnosed at an advanced stage and survival rates are among the lowest in the developed world. One-year survival is 27% and 5-year survival is only 8% 7 compared with the USA (13% for men and 17% for women), 8 and other
European countries including Austria, France and Spain (10e15%, European average 12%). 7 A comparison of survival rates in England, Norway and Sweden suggests that differences in survival are apparent as early as 3 months from diagnosis, suggesting that a significant contributor to low 5-year survival rates in England may be very early death. It is felt that this is most likely due to more advanced disease at presentation in England. 9 Furthermore, the rates of x-rays obtained in the UK have been noted to be substantially lower than in Norway and Sweden, supporting the hypothesis that reduced access to chest x-rays may contribute to late presentation. 10 Over 90% of patients are symptomatic at the time of diagnosis 11 with patients experiencing two to three symptoms on average. 12 Cough is the most common presenting symptom 12e16 and has been noted to be a good prognostic indicator. 12 Studies have shown that patients have often been symptomatic for several months before presenting for medical attention, 15e18 at least in part due to a lack of awareness of the significance of the experienced symptoms. 15 16 18 It has also been shown that many patients will visit their general practitioner (GP) on more than one occasion before further investigation or onward referral. 16 There is a growing lobby to address patient-induced and service-induced delays in lung cancer diagnosis and intervention. Early diagnosis of lung cancer is a stated UK government priority, 19e21 reflected in the establishment of the National Awareness and
Key messages
What is the key question?
< Can a combined public awareness campaign and GP education programme increase chest xray referral numbers and promote lung cancer diagnosis.
What is the bottom line?
< This combined approach increased chest x-ray referral numbers in those areas targeted by the campaign.
Why read on?
< This approach offers a means to promote symptom reporting and chest X-ray referral in primary care, with the potential to improve lung cancer outcomes through earlier diagnosis.
< An additional appendix is published online only. To view this file please visit the journal online (http://thorax.bmj.com/ content/67/5.toc).
Early Detection Initiative. 22 A chest x-ray is usually the initial investigation for symptoms suggestive of lung cancer, as recommended by the National Institute for Health and Clinical Excellence (NICE). 20 However, there is some concern that chest x-rays are not obtained as often as might be clinically indicated. 23 Doncaster is a large metropolitan borough in England, with a population of 289 828. It has a higher than average annual incidence of lung cancer (61.8/100 000 compared with 45.9/ 100 000 in England between 2004 and 2006), 24 probably reflecting cigarette smoking rates in association with high levels of social deprivation. A number of barriers in the lung cancer journey have been highlighted by qualitative research with Doncaster patients. 25 Reasons for the delay in diagnosing lung cancer from a patient perspective included the nature of symptoms people experienced, a mismatch between expectation and experience of symptoms, lack of awareness of symptoms and their initial response to the symptoms.
Social marketing uses a range of communication strategies and marketing techniques to change health behaviour. 26 27 Several studies have used social marketing interventions in an attempt to promote cancer symptom awareness and/or early presentation, summarised in a systematic review by Austoker et al. 28 In six studies of community-level interventions they found limited evidence of effectiveness in promoting cancer awareness, some evidence suggesting that the time from symptom recognition to presentation can be reduced and that disease may be identified at an earlier stage. In only one study was there evidence of a prolonged effect of the campaign. The authors did not identify any studies of social marketing interventions in lung cancer.
This pilot project was designed to overcome barriers to presentation and improve detection of lung cancer symptoms by the use of a social marketing campaign, with a view to wider implementation across Doncaster. The project aimed to increase the number of symptomatic patients presenting at GP surgeries and to increase chest x-ray referrals by 20%.
METHODS

Setting and participants
The project was commissioned by the Public Health Department of the local Primary Care Trust (PCT) to address a recognised area of health inequality. Six priority communities served by 11 GP surgeries were identified as those at highest lung cancer risk, with high rates of smoking and high levels of social deprivation. The number of communities selected for the intervention was based on the number of GP practices that could be visited by the team running the brief intervention training. Five control communities, served by nine GP surgeries, were selected for the evaluation. The control communities were geographically removed from the intervention areas but had similar demographics. It was recognised that the control area residents would inevitably be contaminated, to some degree, by the public awareness campaign.
Interventions
Two complementary interventions were developed, with a 'pushepull' approach being used.
The 'push' included a public awareness campaign, face-to-face events and conversations that focused on raising awareness of the importance of seeking medical advice and requesting a chest x-ray for a cough lasting more than 3 weeks. Prolonged cough was selected as the focus of the campaign because of the evidence that it may be associated with a better prognosis and for the simplicity of the message. Partnerships were established with creative, media and public relations agencies to design and develop the awareness campaign. Insights for the campaign came from the earlier local qualitative research 25 and geodemographic profiling conducted by Yorkshire and Humber Public Health Observatory (personal communication). The scoping, development, implementation and evaluation stages were conducted using a social marketing approach 26 27 and are described elsewhere. 29 The campaign was primarily aimed at men aged over 50 who had ever smoked and/or worked in heavy industry and their family members. In response to the earlier insight gathered, 25 it did not specifically mention cancer and made no reference to smoking. An integrated mix of media was used (see box 1). The campaign was enhanced by a 'coughing' bus shelter, where a sound chip coughed repeatedly to draw attention to the message. The public campaign was launched in March 2008 and ran for 6 weeks.
Measures used to 'pull' patients through healthcare services included brief intervention training to prepare healthcare professionals for the initiative and reassure them that there was sufficient capacity within the radiology department and secondary care to cope with increased referrals. This training involved sharing insights, training and capacity management in GP surgeries. Professionals were reminded of the NICE chest x-ray referral criteria and a workbook 30 31 was provided. Community pharmacists were included and encouraged to promote the campaign materials to those buying over-thecounter cough medication. GP practices were visited and training delivered prior to the public campaign launch.
Following on from the campaign, its impact on secondary care services and lung cancer diagnosis rates was examined.
Box 1 Public campaign interventions
Local free paper and Local press Local radio Leaflets Beer mats Bus stops (4 with a sound chip that coughed) Pharmacy bags Outdoor billboards (see figure 1) Figure Following discussion with the local NHS research ethics committee they reassured us that it fell under the remit of service evaluation/audit and did not require NHS ethics approval.
Data collection and analysis
The public awareness campaign was evaluated using a telephone survey of 801 members of the general public before the campaign, as a baseline, and 800 after. The survey, designed by a market research consultancy in collaboration with the Department of Public Health, measured public awareness of lung cancer symptoms and intention to seek healthcare. Both men and women over 50 were contacted, with a slight bias towards men as the primary focus of the campaign. Participants were spread across the six priority communities and a single control community and were identified using random digit dialling. A list of available telephone numbers, within the target area, was obtained from Oftel, checked to ensure that they were assigned to a residential property and 'active' numbers were placed in a database. The sample was then created by assigning random numbers to the active numbers on a one in three basis. The age of the respondents was established by direct questioning at the beginning of any telephone contact. Self-reported outcomes recorded included awareness of lung cancer symptoms and intention to seek healthcare (see online appendix for the full questionnaire).
The data from the post-campaign interviews were matched to the initial interviews using demographic variables to maximise the accuracy of before and after comparisons. Chest x-ray data were retrospectively gathered from the Radiology Information System at Doncaster Royal Infirmary. The numbers of chest x-rays requested by the priority practices over the 6 weeks before and after the interventions were recorded. These were compared with the GP x-ray request rates across the whole PCT for the same periods. Data were subsequently collected for the intervention and control practices for 1 year before the campaign and 1 year after the campaign.
All lung cancer cases in Doncaster have been prospectively recorded since 1998. The dataset includes demographics, tumour characteristics, treatment modalities and outcomes. The database was searched to identify the number of diagnoses and patient characteristics in the intervention and control practices for 1 year before and 1 year after the intervention. For the post-telephone survey, an important outcome was the self-reported likelihood of visiting the GP with a bad cough and requesting an x-ray. If three times as many people in the intervention area compared with the control area were surveyed, with 800 responders to the survey (600 intervention, 200 control) the power to detect a 10% absolute difference (from an estimated baseline of 70%dbased on an estimate from qualitative interviews with patients and the general public conducted during a feasibility study of this intervention in 2007 in a single Doncaster general practice (unpublished)dto 80%, equivalent to an OR of 1.71) would be approximately 80% at the 5% two-side level. The authors regarded a difference of 10% or more as likely to be of clinical or practical importance.
To test the efficacy of the campaign on binary outcomes from the baseline and follow-up telephone surveys, such as selfreported awareness of lung cancer symptoms and intention to seek healthcare, a logistic regression model was used. This included time, area, and time by area interaction terms. The OR for this interaction term and its associated 95% CI are reported. The authors also adjusted for other covariates such as sex, age group, socio-economic group and smoking status.
Changes in discrete outcomes such as the number of chest x-ray referrals in primary care and the incidence of lung cancer were compared among the areas with a Poisson regression model. The number of lung cancer diagnoses in each practice in each area before and after the intervention was used as the outcome variable, and time (before or after the intervention), area (control or intervention) and an area by time interaction term were covariates. The different populations at risk in the two areas were accounted for in the model by including the practice list size (number of adults) as an exposure or offset variable. The incidence rate ratio (IRR) for the interaction term and its associated 95% CI are reported. Table 1 shows the deprivation and lung cancer statistics for the intervention and control areas. The control area is slightly less deprived compared with the intervention area and has lower lung cancer incidence and mortality rates.
RESULTS
Overall 76% (1601/2107) of people responded to the telephone survey, 801 before the campaign and 800 after the campaign. Table 2 shows the demographic characteristics of the four groups of participants. The uneven distribution between the groups was adjusted for in the analysis. Survey responses indicated that yAdjusted for time, area, sex, age group, socio-economic group and smoking status. zThe interaction term represents the change over time in the outcome (ie, post minus pre) for the intervention area minus the same effect for the control area. a maximum of 20% of the population questioned smoke. This is in stark contrast to the actual smoking prevalence in these areas of 36e42% (Rupert Suckling, personal communication). Post-campaign survey results indicated that 21% (128/600; 95% CI 18% to 25%) of people in the intervention community recalled something about the campaign. Table 3 shows that there was a small increase in the intervention area in people who indicated that they would visit their GP for a cough lasting more than 3 weeks. People who would also request a chest x-ray increased in the intervention area, while falling in the control area. When compared with a responder in the control group, the odds of a responder in the intervention group saying that they would visit their GP and request a chest x-ray for a cough lasting more than 3 weeks was 1.97 times (95% CI 1.18 to 3.31 p¼0.01), after adjustment for covariates.
Chest x-ray rates
Comparing the 6 weeks before and during the campaign, the number of chest x-ray referrals across Doncaster increased substantially, by 289 (22%). In non-targeted practices, 169 more x-rays were obtained (a 19% increase) and in targeted practices 120 more x-rays were obtained (a 27% increase). Interestingly, no increase was observed in two of the 11 targeted practices.
While the study was designed to evaluate the short-term effects on chest x-ray referral rates, the durability of the changes in referral rates following the campaign were also examined. Over the 1 year following the intervention, there continued to be an increase in chest x-rays being requested in the intervention area, with an extra 567 chest x-rays (20% increase) being obtained. In contrast, 32 fewer x-rays (a 2% fall) were obtained in the control area (see table 4 ). This represented a statistically significant increase in the numbers of chest x-rays over time between the intervention and control areas, with an IRR of 1.22 (95% CI 1.12 to 1.33, p¼0.001).
There was a strong relationship between campaign recall, shifts in attitude and the number of chest x-rays ordered (data extrapolated from the 11 targeted GP practices serving these communities). The correlation between the number of chest x-rays performed and intent to see the GP and request a chest x-ray was 0.9 (p<0.01) (see figure 2) .
Lung cancer diagnoses
Compared with the year before the intervention, the number of lung cancer diagnoses increased by 27% in the intervention area practices and fell by 10% in the control area (see table 4 ). The comparison of the change in diagnosis rates over time between the intervention and control areas showed a positive trend but it did not reach statistical significance, with an IRR of 1.42 (95% CI 0.83 to 2.43, p¼0.199).
Stage at diagnosis
No significant stage shift was found at either 3 months, 6 months or 1 year, with increases in diagnoses made at all disease stages, including the most advanced. However the small numbers in the subgroups preclude meaningful statistical analysis (see figure 3 ).
DISCUSSION
The campaign had a significant, positive effect on the target audience's stated response towards having a cough lasting more than 3 weeks, leading to an increase in the likelihood of presentation to a GP and requesting a chest x-ray. This stated intention to act was strongly and positively correlated with the actual number of chest x-rays being carried out. This supports the efficacy of the 'pushepull' approach, combining public and professional interventions to increase service access and earlier diagnosis in this socially deprived community with a high incidence of lung cancer.
There is some promising evidence that this increase in people's readiness to report symptoms and the increased number of chest x-ray referrals may have translated into the diagnosis of lung cancer being made earlier. Interestingly this seems to have occurred across the range of disease stages, with apparent increases in the number of cases of advanced disease (stage IV) and early stage disease. While a rise in early stage diagnoses would increase the number of cases eligible for curative interventions, and thereby improve survival, earlier diagnosis of more advanced disease would be expected to increase the number of patients still fit for palliative treatments such as chemotherapy, with potential for improvement in life expectancy and quality of life. This would also lead to a reduction in the number of patients presenting through the emergency admission route.
This study is a pragmatic evaluation that lacks the rigour of a prospective, randomized controlled trial. Evaluating complex interventions of this nature in the real world of community care is challenging. However, these initial positive findings support the need for future experimental evaluations of similar interventions in a larger population. These should examine treatment rates and mortality in order to assess whether there has been any meaningful impact on disease outcome and to review service provision needs and the economic viability of the intervention. The findings of this study did not explain the variation in Figure 2 Relationship between change in intent and change in number of chest x-rays (CXRs) requested. responses. For example, why did people in some of the targeted GP practices respond more positively to the intervention and recall the campaign more readily, and why did x-ray referral rates remain unchanged in two of the practices? Developing an understanding to explain these variations would maximise the impact of future interventions of this nature.
In conclusion, detection of lung cancer may be responsive to a social marketing intervention through raising public awareness, encouraging early reporting of lung cancer symptoms and addressing barriers to chest x-ray referral.
Funding This work was funded by NHS Doncaster (Inequalities fund) and Yorkshire and the Humber Strategic Health Authority (Social marketing collaborative).
Competing interests All authors have completed the Unified Competing Interest form at http://www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare that (1) VLA, RS, AMT, SJW and TKR received no support for the submitted work; (2) SJW receives occasional consultancy fees for statistical advice in medical negligence claims, payment for training courses on the design and analysis of quality of life measures to statisticians in the pharmaceutical industry and Takeda Plc and book royalties from publishers including John Wiley and Sons Ltd, Blackwell Publishing and Hayward Medical Communications. The department for which SJW works (ScHARR, University of Sheffield) has contracts and/or research grants with the NIHR, HTA and NICE and he is co-applicant on several NIHR portfolio studies. VLA, RS, AMT and TKR have had no relationships with companies that might have an interest in the submitted work in the previous 3 years; (3) their spouses, partners, or children have no financial relationships that may be relevant to the submitted work; and (4) RS provides public health representation on the National Awareness and Early Diagnosis Initiative steering group. SJW is an independent member of the NICE Public Health Interventions Advisory Committee (PHIAC). VLA, TKR and AMT have no non-financial interests that may be relevant to the submitted work."
Ethics approval The evaluation was discussed with the local research ethics committee who felt that it fell under the remit of service evaluation/audit and as a result did not require ethics approval.
Contributors TKR, RS and AMT formed the research development and steering committee. VLA undertook all the data extraction with data analysis performed by SJW. The manuscript was predominantly drafted by VLA and TKR with all authors involved in its revision. The final draft was approved by all authors.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Practice level data, used for the statistical analysis, is available from the corresponding author (v.athey@sheffield.ac.uk) on request. Consent was not obtained but the presented data are anonymised and risk of identification is low. 
